In the Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) trial, apixaban compared with warfarin reduced the risk of stroke, major bleed, and death in patients with atrial fibrillation. In this ancillary study, we evaluated clinical consequences of major bleeds, as well as management and treatment effects of warfarin vs. apixaban.
Introduction
Atrial fibrillation (AF) is an important risk factor for stroke. Anti-coagulation is highly effective for reducing thrombo-embolic complications. Bleeding complications during anti-coagulation are, however, common and associated with increased risk of subsequent death and thrombotic events. Warfarin is known to be associated with bleeding and medication related emergent hospitalizations that relate to a narrow therapeutic window and difficulties in adjusting the dose due to a variable dose response. 1, 2 The direct acting oral anti-coagulants that have emerged in recent years as alternatives to warfarin are proven to reduce these events (similar to or more than warfarin) with a similar or lower risk of bleeding complications. 3 -6 In the Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) trial, apixaban compared with warfarin significantly reduced the risk of stroke, major bleeding, and death in patients with AF. 3 Bleeding among patients on anticoagulant therapy often leads to cessation of anti-coagulant treatment, which may increase the risk of subsequent thrombotic events. Termination of warfarin after a gastrointestinal (GI) bleed was shown in one study to increase the risk of death and thrombotic events. 7 In a realworld registry, patients who experienced serious bleeding had a threefold increase in the risk of thrombotic events even though the majority of patients did not permanently stop oral anti-coagulation. 8 We have in a recent report presented data on the location and characteristics of bleeding, and the 30-day mortality associated with the first major bleed in the ARISTOTLE trial. 9 In the present study, we evaluate the clinical consequences of major bleeds, including risk of death, ischaemic stroke, and myocardial infarction (MI) in the 30 days preceded by a major bleed. We also report the consequences of a major bleed in terms of management, such as therapeutic actions to stop the bleeding and to decrease subsequent bleeding risk, change in anti-thrombotic therapy, or study drug discontinuation and also treatment effects of apixaban vs. warfarin on clinical outcomes.
Methods
The ARISTOTLE trial design has been reported previously. 10 In summary, it was a double-blind, double-dummy, randomized clinical trial enrolling 18 201 patients with AF and at least 1 CHADS 2 risk factor for stroke or systemic embolism. Patients were randomized to warfarin (n ¼ 9081) or apixaban (n ¼ 9120). The primary endpoint was stroke or systemic embolism. The primary safety outcome was bleeding according to the International Society on Thrombosis and Haemostasis (ISTH) criteria. The median length of follow-up was 1.8 years. Patients with AF and at least one risk factor for stroke were randomized to either dose-adjusted warfarin or apixaban 5 mg twice daily. A reduced dose of apixaban 2.5 mg twice daily was designated for participants with two or more of the following criteria: an age of at least 80 years, a body weight of no .60 kg, or a serum creatinine level of 1.5 mg/dL (133 mmol/L) or more. To enhance the quality of warfarin management, a dosing algorithm was provided and a program implemented to provide regular feedback to sites regarding their level of international normalized ratio (INR) control.
Bleeding definitions
This study captured bleeding events occurring between randomization and efficacy censoring date, in all randomized patients. Major bleeding was defined according to the criteria of the ISTH as clinically overt bleeding accompanied by a decrease in the Hb level of at least 2 g/dL or transfusion of at least two units of packed red cells, occurring at a critical site (intra-cranial, intra-ocular, intra-spinal, intra-articular, intra-muscular with compartment syndrome, pericardial, retroperitoneal) or resulting in death. No time restrictions were applied to this definition but the Hb drop occurred most often within 24 -48 h. Laboratory and transfusion data coupled with clinical event details were used to identify and adjudicate potential bleeding events. Routine collection of Hb occurred every 3 months. Location of bleeding was extracted from the case report form. Additional source documents were collected when necessary. The primary safety outcomes were adjudicated on the basis of pre-specified criteria by a clinical events committee whose members were not aware of study-group assignments.
We evaluated the consequences of recent major bleeding (within 30 days) on efficacy endpoints, including death and thrombotic events (stroke or MI). The 30-day window was selected in order to focus on efficacy events that were potentially attributable to circumstances surrounding the bleed, rather than underlying comorbidities which would dominate long-term differences. In addition, changes in anti-thrombotic therapy, study drug discontinuation, and transfusions after the bleeding were evaluated.
Statistical analyses
Demographic and clinical characteristics were presented for patients with at least one ISTH major bleeding and patients without major bleedings. Continuous variables were summarized as medians and quartiles and categorical variables as frequencies and percentages.
In the full randomized population, multivariable Cox regression models were used to evaluate the increase in efficacy events within 30 days of ISTH major bleeding. Specifically, separate time-dependent indicators were included for non-intra-cranial and intra-cranial bleeding, taking a value of 1 during the 30-day window following a bleed and 0 otherwise. Therefore, we assessed the elevation in risk of events during the immediate 30 days after a bleed. In patients with multiple ISTH major bleedings, only the first event was evaluated. An interaction term with randomized treatment was added to evaluate whether the risk associated with recent bleeding differed in apixaban-vs. warfarin-treated patients. These models were adjusted for a pre-specified set of clinical and demographic factors including type of AF, age, sex, region, history of MI, congestive heart failure, stroke/TIA or systemic embolism, diabetes, time with AF, hypertension, history of bleeding, prior vitamin K antagonist (VKA) use, CHADS 2 score, history of vascular disease, creatinine clearance, and baseline medications including aspirin, statins, ACE inhibitors/ARBs, and amiodarone. This analysis was repeated in sensitivity analyses, where ISTH major bleeding was replaced by other definitions of bleeding (i.e. any bleeding). Among patients who experienced major bleeding, information about Insights from the ARISTOTLE trial change in anti-thrombotic therapy, study drug discontinuation and resumption, and transfusion were summarized as frequencies and percentages. Also in this subgroup, the cumulative incidence of all-cause death and thrombotic events after major bleeding events were presented as Kaplan-Meier curves. All analyses were performed with SAS System, version 9.2.
Results

Baseline characteristics
International Society on Thrombosis and Haemostasis major bleeding occurred in 848 (4.7%) patients of whom 126 (14.9%) died. Baseline characteristics for patients with and without major bleeds are shown in Table 1 . Patients with major bleeds were generally older (P , 0.001), had lower body weight (P , 0.01), more often had a previous MI (P , 0.01), prior stroke/TIA/systemic embolism (P , 0.001) or previous bleeding (P , 0.001) and more often had impaired renal function (P , 0.001). The CHADS 2 (P , 0.001), CHA 2 DS 2 -VASc (P , 0.001), and HASBLED (P , 0.001) scores were all higher. In addition, they more often were treated with drugs with anti-platelet function, such as aspirin (P , 0.001), clopidogrel (P , 0.001), and NSAIDs (P , 0.001).
Mortality and thrombotic events
Of the randomized population, 695 patients experienced major non-intra-cranial haemorrhage (ICH) bleeding during follow-up, and among them 64 (9.2%) patients died within 30 days of the bleeding, including 28 (8.9%) in the apixaban and 36 (9.5%) in the warfarin groups, respectively. Patients with a major non-ICH bleeding had a 12-fold elevation in the risk of death or thrombotic events during the 30 days after major non-ICH bleeding, after multivariable adjustment for baseline comorbidities ( Table 2) , compared with patients without major non-ICH bleeding.
Intra-cranial haemorrhage occurred in 176 patients, among whom 76 (43.2%) patients died within 30 days of the bleeding. Twenty-four of the 53 patients with ICH in the apixaban group died within 30 days (45.3%) and 52 of the 123 patients with ICH in the warfarin arm died within 30 days (42.3%). Fourteen patients died within 30 days of both an ICH and major non-ICH bleeding.
After multivariable adjustment, risk of death was markedly increased within 30 days of an ICH with an HR of 121.5 (95% CI 91.3-161.8) as was risk of stroke or MI, HR 21.95 (95% CI 9.88 -48.81). Figure 1 presents the Kaplan-Meier curves for the 30-day incidence in mortality, among patients with ICH and non-ICH major bleeding. There was no interaction between randomized treatment and recent ICH bleeding for either death (P ¼ 0.77) or ischaemic stroke or MI (P ¼ 0.15), nor for non-ICH bleeds (P ¼ 0.11 and 0.61, respectively). Evaluating the consequence of any bleed category (non-ICH), the risk of death was significantly increased but to a lower level than for major bleeds [adjusted HR 2.88 (95% CI 2.23-3.74)], as was ischaemic stroke or MI [adjusted HR 3.05 (95% CI 2.02-4.59)].
Change in anti-thrombotic therapy
About half of patients (49%) with a major ISTH bleeding had their anti-thrombotic therapy changed ( Table 3 ) but with no apparent difference between apixaban-and warfarin-treated patients. For the category any bleed, the overall rate of change in anti-thrombotic therapy was 32.4% and a slightly higher rate change in warfarin than in apixaban-treated patients (34.8 vs. 29.3%; P ¼ , 0.001). The 70.8% of patients that were on study drug experienced a temporary or permanent interruption of study drug after a major bleed ( Table 4) . For ICH and GI bleeds, 90.7 and 75%, respectively, had their study drug interrupted. For less severe bleeds the proportion was lower. Resumption of study drugs was differential, with 43.7% after major ISTH bleeds with a median time of 15 days after bleeding. For ICH bleeds, only 11.7% resumed study drug treatment with a median time of 25 days. For GI bleeds specifically, the resumption rate was 50.9% with a median duration of stopping study drugs of 15 days. The resumption rates for apixaban and for warfarin did not differ significantly, except for major ISTH/clinically relevant non-major bleed, where the rate of resumption was higher for apixaban than warfarin (62.5 vs. 53.1%; P ¼ 0.01). Median days to resumption of treatment were 15 days.
Management of bleedings
Of the patients with major ISTH bleedings, 176 patients (20.8%) received vitamin K and/or related medications to stop the bleeding within 3 days from the bleed. Of these 88 patients (10.4%) received vitamin K, thrombin, prothrombin complex concentrates (PCC), Factor IX, or Factor VII) and 120 patients (14.3%) were given fresh frozen plasma during the management of the bleeding. There was a higher use of vitamin K and/or related medication (15.2 vs. 3.9%), fresh frozen plasma transfusion (18.7 vs. 8.0%) in the patients who bled on warfarin than in the apixaban arm. Blood transfusions after a major ISTH bleed were administered in 37% of all major bleeds without a difference between apixaban and warfarin ( Table 5) . Gastrointestinal bleeds led to the highest rate of transfusion. Less severe bleedings led to lower transfusion rates. However, the rate of transfusion in apixaban vs. warfarin-treated patients did not differ significantly (P . 0.5).
Treatment effect of apixaban vs. warfarin in patients with atrial fibrillation and a bleeding event Figure 2 presents 30 day all-cause mortality by randomized treatment with apixaban or warfarin among patients with major bleeding. There was no difference between apixaban and warfarin with hazard ratio 0.770; 95% CI: 0.537 -1.103. Similar levels of risk were seen also when evaluating all-cause death and thrombotic events/MI after major/clinically relevant non-major bleeds, GUSTO moderate/ severe bleeds, or TIMI major/minor bleeds (data not shown).
Discussion
Despite the benefits of anti-coagulation for patients with AF, major bleeding is a well-known complication. In the present study, we found increased risk of subsequent death and of thrombotic events within 30 days following major bleeding. A major bleeding event often led to changes in anti-thrombotic therapy, and/or to interruptions of the study drug. These actions to stop the bleeding would have rendered the patients less protected from thrombotic events, and 
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Insights from the ARISTOTLE trial bleeding itself may be related to increased risk including through effects on inflammation and on adrenergic state. The risk of death, MI, or ischaemic stroke following a major bleed was elevated regardless of the apixaban or warfarin group. Lower mortality in apixaban-treated patients in the ARISTOTLE study may be explained by the lower rate of major bleeding with apixaban treatment. 3 These results complement our previous analyses on major bleeding and further highlight the deleterious effects of major bleeding in an AF population. Intra-cranial haemorrhage remains the most feared bleeding complication associated with the use of anti-coagulant therapy. This analysis highlighted the impact of ICH on subsequent death. Dabigatran, rivaroxaban, apixaban, and edoxaban have each shown a significant reduction in ICH, 3 -5,11 and an 10% relative reduction in mortality, when compared with warfarin with a target INR 2-3. Furthermore, the risk of thrombotic events such as ischaemic stroke or MI is also substantially increased after a major bleed. This may be due to actions focused to stop the bleed, such as cessation of study drugs, interventions to reverse the coagulopathy, other anti-thrombotic drugs, and transfusions. During a severe bleed, patients may undergo a transition from an overly anti-coagulated state to a pro-thrombotic state with increased risk of thrombotic events especially if the anticoagulation therapy is stopped. 7 Our findings are also corroborated by a Danish nationwide retrospective cohort study showing that interruption of warfarin treatment for various reasons, was associated with an increased risk of death and thrombo-embolic events, especially during the first 3 months. 12 In another view, increased haemostatic activity to stop bleeding at the site of major bleed may increase in vivo thrombogenicity as previously demonstrated with higher risk of thrombotic events even though the use of oral anti-coagulant was not changed. 8 Finally, another potential explanation is that a patient experiencing serious bleeding is also already at high risk of thrombotic events as demonstrated by the association of CHADS 2 and CHA 2 DS 2 -VASc with major haemorrhage. Changes in anti-thrombotic treatment due to bleeding consisted of various actions. About a fifth of the patients received either vitamin K or related medications and/or fresh frozen plasma, all common interventions to stop bleeding. More than a third of the bleedings led to a blood transfusion indicating the severity of many bleeds. The higher use of vitamin K and related medication and of fresh frozen plasma among warfarin-treated patients may have several explanations. A conditioning on bleeding leads to non-randomized comparisons. In addition, there were more intra-cranial bleeds in warfarin compared with apixaban-treated patients, which might influence the management of the bleeding. A difference in the severity and type of bleeding requiring these interventions could partly explain the difference in distribution. However, the discrepancy persisted after excluding ICH, which suggests that unblinding is possible. Unblinding was allowed in the trial if the knowledge of the assigned treatment might change the treatment of the bleeding which would be the case concerning the use of Insights from the ARISTOTLE trial vitamin K and PCC. Unblinding might even occur without breaking the treatment code, if in case of bleeding, a partial thromboplastin time/INR test was performed. While that bleeding rates were lower with apixaban, we did not observe a differential effect of apixaban and warfarin regarding the risk of death or thrombotic events after a bleed occurred. In a similar trial comparing rivaroxaban and warfarin, 13 the risk of stroke or non-CNS embolism did not differ between the study drugs after temporary or permanent interruption of the anti-coagulation, regardless of reason. The rate of transfusion did not differ between apixaban and warfarin.
Results from the open-label RE-LY trial differed somewhat in that patients who experienced major bleeding on dabigatran required more red cell transfusions but received less plasma, required a shorter stay in intensive care, and had a trend to lower mortality compared with those who had major bleeding on warfarin, 14 possibly
due to the open design of that trial. The effects of anti-coagulation treatment, is correlated to the quality of therapy, that is, time in treatment range (TTR). However, we have previously shown that the benefit of apixaban over warfarin in lower bleeding risk was observed regardless of the level of predicted centre and patient TTR. 15 Our analyses do not On Study drug based on the day prior to the bleeding event. Interruption defined as stopping the study drug for at least 1 day on the day of the bleeding or the following 3 days. a Percentages over the number of events. Percentages over the number of events on study drug. c Percentages over the number of interruptions. support a differential effect of bleeding on mortality by apixaban or warfarin. However, the lower rate of bleedings overall on apixaban over warfarin is likely to explain the lower rate of mortality and stroke in the overall trial.
Limitations
There was a relatively high rate of missing information for changes in anti-thrombotic therapy. Some of the analyses performed were based on non-randomized comparisons and thus confer the risk of confounding with both measured and unmeasured differences. Thus, multivariable adjustments have been performed but we cannot exclude the possibility of residual confounding. Finally, we cannot exclude that some of the differences in the use of VKA, transfusion and resumption of treatment between the treatment groups may have been related to unblinding.
Conclusion
Major bleeding during oral anti-coagulant treatment in patient with AF is associated with a substantially increased subsequent risk of both death and of thrombotic events such as ischaemic stroke or MI. Our results underscore the importance of prevention of bleeding in anti-coagulated patients as well as highlight the medical complexities and treatment decision challenges among individuals with bleeding. Insights from the ARISTOTLE trial
